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Abstract The purpose of this pilot study with a within-subject design was to gain a deeper

understanding about the promise and restrictions of a virtual tutoring system designed to

teach science to first grade students in Finland. Participants were 61 students who received

six tutoring science sessions of approximately 20 min each. Sessions consisted of a

sequence of narrated multimedia science presentations during which a virtual tutor

explained science phenomena displayed in pictures. Narrated science explanations were

followed by one or more multiple choice questions with immediate feedback about
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students’ choices and a possible second attempt, during which students reached 97%

accuracy. A pretest and posttest was administered to assess students’ ability to reason about

the science and to transfer knowledge to new contexts. Results indicated significantly

greater improvement in the understanding of the science concepts taught during the

tutoring sessions, relative to the concepts that were not taught. Results from the surveys

administered to teachers and students indicated that the program was well received.

Detailed analysis of student error responses provided a deeper understanding about the

complex interplay between students’ prior knowledge, the way topics were taught in the

multimedia lessons, and the way learning was assessed. Findings from the quantitative and

qualitative analyses are discussed in the context of designing high quality lessons delivered

through a virtual tutoring system.

Introduction

Evidence from national and international assessments has indicated that a significant

proportion of students worldwide fail to meet grade-level academic standards in science

(National Center for Education Statistics [NCES] 2011; Programme for International

Student Assessment [PISA] 2012). For example, in the United States, over 60% of fourth-

grade students were rated as ‘‘not proficient’’ in science (NCES 2011). Although in Fin-

land, student science outcomes on international assessments are higher, performance has

declined in the last decade (Kupari et al. 2012; PISA 2012). Given that students’ attitudes

and motivation to learn science develop before the age of 14 (Osborne and Dillon 2008), it

is critical to engage early-grade students in effective science instruction across the globe.

Science learning can be seen as a process of acquiring progressively new core ideas,

concepts and principles to explain natural phenomena observed (National Research

Council [NRC] 2012). In the present study a virtual tutoring application [i.e., a lifelike

interactive computer character providing guided tutoring in immersive multimodal envi-

ronments (Wise et al. 2005)] teaches first grade student new ideas and principles to explain

various animal behaviors, structures and functions, by means of short audio-visual lessons

interleaved by multiple choice problems with guided feedback. The lessons are organized

into learning progressions, starting with an intriguing question (e.g. ‘‘What is an insect?’’,

then teaching required concepts one by one with exercises (body parts of an insect), and

finally practicing the aim of the lesson (identifying insects from other resembling

creatures).

Previous research has indicated that virtual tutors can provide high-quality, individu-

alized, and highly engaging science teaching equivalent to human tutoring (Cohen’s

d = 0.74) in adult students (Lieberman et al. 2009; Van Lehn 2006, 2011; Wise et al.

2005). Results among children have also been encouraging. Ward and colleagues

(2011, 2013) examined the science learning of third- to fifth-grade students who received

16 supplementary 15-min tutoring sessions by expert humans or spoken multimedia dia-

logues with virtual tutors relative to the science learning of students who did not receive

tutoring as a supplement to classroom instruction. Statistically equivalent results were

obtained for human and virtual tutors (d = 0.62 for the human tutors and d = 0.56 for the

virtual tutor). Dalacosta et al. (2009) compared the effectiveness of human-delivered

instruction and cartoon-style multimedia lessons (including multiple-choice questions

[MCQs] with corrective feedback) in teaching the concepts of mass, volume, and density to

fifth-grade students. Their findings indicated that the virtual-tutor group outperformed the

group receiving human-delivered instruction.

J. Hautala et al.

123



Moreover, in general, reviews have also indicated that having a visually present ani-

mated tutor does not seem to produce any learning gains over having animated tutors that

are not visually present (Heidig and Clarebout 2011; Schroeder and Adesope 2014).

However, this hypothesis has not been tested among young children. In a preliminary

assessment of young children’s impressions of studying with animated tutors, kindergarten

and first-grade students reported that the virtual tutor they saw was smart, cared about

them, and acted like a real teacher who helped them learn to read (Cole et al. 2007). In the

studies of Ward et al. (2011, 2013), over 75% of students reported that they were more

motivated to study science after working with the virtual tutors.

In sum, recent studies have suggested a great potential for well-designed virtual tutoring

systems to engage and motivate primary school students to learn science and to achieve

learning gains comparable to those from human tutoring. However, to our knowledge, the

applicability of virtual tutors is yet to be studied in children who have just started their

school path and are still learning basic scholastic skills such as reading and comprehension

in content areas such as science.

Theoretical framework for the design of the virtual tutoring System

The design of the virtual tutoring system used in this study, Mindstars Books (MSB),

integrates ideas from cognitive theory of multimedia learning (Mayer 2014), formative

assessments (Black and Wiliam 1998), and the Dual Situated Learning Model (She and

Liao 2010). While these theories provide a general framework for the design of the

presentation format, instructional interaction, and science content progressions, respec-

tively, special attention is paid on how to design the system to optimize the learning in

small children.

The cognitive theory of multimedia learning states that narrated multimedia presenta-

tions help learners construct rich multimodal mental representations that lead to the deep

learning of concepts (Mayer 2014). A large body of research has indicated that relative to

other presentation modes such as texts with pictures, well-designed narrated multimedia

presentations, in which a spoken voice explains concepts presented in illustrations or

animations, optimize both the short-term retention of information and the transfer of

learning to new tasks (Mayer 2014). Additionally, a meta-analysis by Heidig and Clare-

about (2011) suggested that spoken explanations combined with visual illustrations, simple

presentations in small steps (Adesope and Nesbit 2012; Sweller 1994), and control over the

pacing of lesson content improve learning in multimedia settings. These design principles

minimize the cognitive resources required for using the application, allowing users to

maximize their focus on acquiring content knowledge.

Early-grade students are only beginning to develop their basic scholastic and cognitive

skills such as reading and listening comprehension. However, the early levels of these

skills predict later school achievement from kindergarten to second grade (La Paro and

Pianta 2000). Similarly, students of this age do not yet possess the metacognitive skills

required for self-regulated learning approaches (Dignath and Büttner 2008). Thus, to

engage all students—irrespective of their scholastic skill level and cognitive capabilities—

in science learning, educational software targeted to small children needs to provide a clear

structure and guidance for the learning activities (Dignath and Büttner 2008). It should also

avoid using features that require practiced skills and knowledge such as reading (Wang

et al. 2010).
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The MSB design was also informed by the use of formative assessments where the

learning goal and the learning progression are made explicit to the learner, and the learning

occurs in a dialogue with a more knowledgeable person such as the teacher (or in this case,

a virtual tutor; Black and Wiliam 1998). Multimedia learning systems can interact with a

learner by providing individualized instruction such as MCQs with explanatory and cor-

rective feedback (Black and Wiliam 1998; Kintsch 2005), where students have an

opportunity to reconsider their answer and make another attempt at the task (Craig et al.

2000; Lin et al. 2013; Yoshida 2008).

Most current science learning models (Duit and Treagust 2003; Hong and Diamond

2012; She and Liao 2010) follow the principles of formative assessment. For example, the

Dual Situated Learning Model (DSLM) by She and Liao (2010) facilitates science learning

by (a) engaging and motivating students to understand a particular phenomenon, (b) taking

into account students’ prior knowledge for them to make sense of the information pre-

sented, (c) scaffolding the lesson progression and introducing information in small con-

ceptual chunks, and (d) presenting students with opportunities to test and apply their

knowledge. Given that the learning of science concepts is not always intuitive and often

requires fundamental changes in thinking, many science learning models, including

DSLM, stress the importance of producing and resolving cognitive conflict within the

learner’s mind (e.g., Duit and Treagust 2003; She and Liao 2010). However, research has

demonstrated that cognitive conflict may actually facilitate learning only in students with

higher capabilities for logical thinking, but not in younger students or students with less

capability for logical thinking (Kang et al. 2004). Young students may experience cog-

nitive conflicts for various reasons, including common misconceptions about science but

also due to very limited previous knowledge of the topic, which may lead to perceptual

levels of confusion when reading science text. Research indicates that clarifying the

common misconceptions appears to be more effective for students with limited background

knowledge than explicitly creating cognitive conflicts that students have to resolve (Smith

et al. 1994). Thus, in this study, we attempted to answer the following research questions:

1. Can first-grade students learn science through a virtual tutoring system such as the

MSB?

We investigated this question by analyzing (a) the immediate understanding of

concepts presented in the MSB; (b) the long-term learning gains on science assessment

presented before and after the entire 6-week course; and (c) whether the MSB had a

differential effect on pretest–posttest science-assessment gains based on prior

knowledge and students’ individual skills in reading and listening comprehension.

2. Are the MSB a useful and feasible educational tool in authentic educational settings?

We investigated this question through surveys administered to both students and

teachers. In addition to the learning benefits, educational technology should provide

time and cost benefits and be liked and valued by students and teachers.

3. How does the visual presence of an animated virtual tutor affect students’ learning

and/or enjoyment of the program in comparison to just hearing the tutor’s voice?

We investigated this question by presenting half of the MSB to each student with the

tutor’s face on screen and the other half with the tutor’s face off screen (i.e., where the

students only heard the tutor’s voice).

4. What design features might have affected students’ knowledge acquisition?

To identify the students’ most common misconceptions and other possible obstacles to

learning, we conducted a detailed item-specific analyses of MSB MCQ and post-test

science assessment questions.
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Method

Research design

This pilot study used a quasi-experimental within-subject design. Students were assessed at

pretest (i.e., before exposure to the MSB) and at posttest (i.e., after exposure to the MSB).

Pretest scores were taken into account when calculating the effect of the intervention on

student outcomes.

To answer the third research question, students were randomly presented with three

MSBs with the tutor’s face visible (face on and voice on) or not visible (face off and voice

on). The order of presenting the face on and face off versions of the MSBs was coun-

terbalanced across participants; none of the students received all three face-on or face-off

versions in succession. The order of the lessons was the same for all students, progressing

from conceptually simpler lessons to more complex ones.

Participants

Sixty-three first-grade students (28 males and 35 females) from three classrooms in an

elementary school from a town in central Finland participated in the study. The school was

a teacher training school associated with a nearby university. Participants were 6- and

7-year-old students who spoke Finnish as their native language. Two of the students were

excluded from the analysis because they were absent from school during most of the

sessions, so the total number of students in the final analysis was 61.

Materials

The MSB design followed the theoretical framework explained earlier. Figure 1 presents

the MSB user interface, including a virtual tutor giving spoken explanations with animated

mouth movements, a content window typically showing highlighted pictures timed with

spoken explanations, and a self-pacing button.

Fig. 1 A screen capture of Mindstars Books

Early science learning with a virtual tutor…

123



Figure 2 illustrates a sequence of verbal and pictorial multimedia science explanations

ending with an MCQ with formative feedback. At logical stopping points, MCQs were

presented to assess students’ understanding of the vocabulary and science they had just

learned, with immediate feedback contingent upon their answer choices. The questions

were read aloud to students; students could click on printed answer choices to hear the

choices read aloud again by the tutor before selecting an answer. The answer choices to

some of the questions consisted of pictures. A correct first attempt was followed by

positive reinforcement (‘‘Good thinking’’) and an expansion of the correct answer by the

tutor. An incorrect first attempt was followed by a hint and a second choice (see Fig. 2). If

the second attempt was incorrect (which was rare), the question was repeated, and the

correct answer was presented along with its explanation. Throughout the lesson, an option

to repeat explanations, questions, and answer choices supported students’ comprehension.

The intervention in this study consisted of six MSB that focused on teaching life

science: (a) Five Senses, (b) How Do Animals Move? (c) What Do Animals Need to Live?

(d) How Are Animals Covered? (e)What Is an Insect? and (f) The Life Cycle of a Butterfly.

The MSBs were originally developed in English by our collaborators in the United States.

The content of the MSBs were aligned with the Next Generation Science Standards on the

Disciplinary Core Idea of Structure and Function of animals (NRC 2012). Finnish trans-

lations of the MSBs were created, and life science terms and concepts were reviewed by a

university lecturer in early biology education. A female Finnish speaker recorded the

virtual tutor’s speech. The tutor’s mouth movements while speaking Finnish was syn-

chronized with the recordings of the female voice.

In line with the DSLM framework, all MSBs began with an introduction to the topic and

the scientific problem. For example, the lesson What Is an Insect? first posed the question

‘‘How do we know if an animal is an insect?’’ along with pictures illustrating the great

diversity in insects’ appearance. To activate background knowledge, we selected familiar

and elementary animal-related topics such as ‘‘How are animals covered?’’ for the lessons,

and we used accessible language and vocabulary. In addition, the content was designed to

resolve possible cognitive conflicts stemming from typical misconceptions by addressing

such issues in lessons and through the answer choices of MCQs and their associated

feedback. For example, in the insect lesson, the common misconception that spiders are

insects was addressed by explicitly teaching the characteristics of an insect (i.e., an insect

Fig. 2 Example of a lesson sequence. On the first picture, the tutor said, ‘‘Every insect has three main body
parts. What are these three main body parts? The three are the head, the thorax, and the abdomen.’’ On the
second picture, the tutor instructed, ‘‘Listen carefully and select the best answer. What are the three main
body parts of an insect?’’ On the first click, the tutor spoke aloud the written answer choice, and on the
second click, the selection was made. The correct answer was reinforced by prompts such as ‘‘That’s right!
Every insect has a head, a thorax, and an abdomen. All adult insects have three main body parts!’’ Wrong
answers such as ‘‘Thorax, legs, abdomen’’ were followed by a corrective hint such as ‘‘Legs are not a main
body part. Legs are attached to the thorax. The thorax is one of the main body parts, as well as the abdomen.
You are missing one main body part. What is it?’’
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has three body parts, six legs attached to the thorax, and two antennae attached to the head)

versus the characteristics of a spider (i.e., a spider has two body parts, eight legs, and no

antennae). After the core concepts and vocabulary were taught, they were then summarized

and integrated. In this phase, the insect lesson demonstrated why a damselfly is an insect

while a spider is not an insect. Finally, the lesson ended with several MCQs touching on

the original goal of the lesson (e.g., asking the student to identify an insect from other

similar creatures such as a centipede or a scorpion), thus reducing common misconceptions

related to animal classifications, for example.

Measures

MSB MCQ responses

For enabling the analysis of student’s immediate science understanding as reflected by

their selections on multiple choice questions presented during studying the MSBs, the

system stored all the user behaviors with time stamps in a log file. The students’ choices

were used to calculate accuracy rates and analyze incorrect responses.

Pretest and posttest science assessment

Long-term retention and transfer of learning based on information presented
in the MSB

A total of 24 researcher-developed MCQs were asked in the pretest and posttest (Table 3 in

Appendix 1). These questions were directly related to the content taught in the MSB. They

were designed to assess students’ deep understanding of content taught in the six MSB

rather than simply their recall of facts. For example, the need for oxygen was illustrated in

the MSB by a turtle whose nose was above the water’s surface, with the narration

explaining that turtles need to come to the surface to breathe air. In the pretest and posttest,

students’ understanding of this science concept was measured by the question ‘‘Which

picture represents the need for oxygen?’’ (Fig. 3). The correct answer was the picture

showing a porpoise submerged in water and exhaling bubbles near the surface. Selecting

this picture required the student to reason that the porpoise was breathing out under water

but would need to breathe in once it came to the water’s surface.

Questions about first-grade science not taught in the MSB

In addition to the questions about science taught in the MSB, we also asked 15 researcher-

developed science questions that targeted content that was not taught in the MSB but was

relevant to first-grade science instruction (Table 3 in Appendix 1). These questions were

designed to evaluate how much science knowledge can be learned as a result of repeated

testing and transfer from other learned knowledge (Adair et al. 1989). To ensure the age

appropriateness of the questions, the themes were taken from the lessons in a first-grade

life science textbook to which students had not yet been exposed. An example of a control

question is ‘‘Which body system distributes oxygen?’’ The correct answer was a picture

representing the circulatory system.

The order of the 39 questions (i.e., 24 on the taught content and 15 on the not-taught

content) was different for the pretest and posttest. Each pretest–posttest question had three
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to seven alternative answers presented as pictures; students had to choose the correct

answer or answers (Fig. 3). Two of the questions were open ended and required a one-word

written answer. Cronbach’s alpha for the test, calculated from the pretest scores, was 0.716.

Figure 3 provides an example of the material presented to students. Table 3 in Appendix 1

provides a list of all the questions.

Lesson evaluations

To assess students’ opinions about the usability and likability of each MSB, as well as their

learning experiences with the MSB, we asked them to answer a paper questionnaire

composed of 10 MCQs after each study session. The questions are provided in the Table 2

at the Results -section.

Evaluation of the intervention

To assess students’ opinions of the MSB experience, we asked them to answer a user

experience questionnaire with seven MCQs (e.g., ‘‘Which version of the MSBs do you

prefer?’’ [Talking head, No talking head]) and two open-ended questions at posttest

(Appendix 3).

Reading skills

To evaluate whether students’ reading skills contributed to their learning gains, teachers

administered a standardized test of word-reading skills (ALLU TL2, version B; Lindeman

1998) as a group test in the fall prior to the study. In this 80-item paper-and-pencil test,

each student matched four printed words to four pictures by drawing a line between each

Fig. 3 An example of pretest and posttest multiple-choice questions
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word and one picture. The score was the number of correct answers given within a two-

minute time limit.

Listening comprehension

To evaluate whether students’ listening comprehension skills contributed to their learning

gains, teachers administered a standardized test of listening comprehension skills for first-

grade students (ALLU KY; Lindeman 1998) as a group test during the fall prior to the

study. In this test, the teacher read a story aloud twice, after which participants’ com-

prehension was assessed using six comprehension questions read aloud. To answer the

questions, students selected one of four alternatives on their answer sheets; there was no

time limit. The scores ranged from 0 to 2 points depending on the selected alternative,

resulting in a maximum score of 12 points.

Teachers’ survey

After the MSB intervention, all teachers responded to an e-mail survey composed of seven

open-ended questions (e.g., ‘‘According to your experiences, how useful is the MSB type

of educational technology in an early education context?’’) about the feasibility of using

the MSB and this type of new learning technology in general as a supplement to their

classroom science instruction (Appendix 3).

Procedure

The study was conducted from January to March 2014 in three first-grade classrooms. A

fifth-year university student of teacher education administered the intervention and the

assessments. After the pretest, the students studied one MSB in a single session in the

school’s 12-seat computer lab each week. During a single 45-min lesson period, half of the

class visited the lab for 20 min, followed by the other half of the class. The students wore

headphones and used a mouse to hear and repeat utterances, turn the pages of the lesson,

listen to and repeat questions and answer choices, and select their answers. Students were

assigned user identification numbers (to preserve anonymity), which the research assistant

entered for each student prior to each study session. Posttest was administrated on next

week after the last MSB study session.

Pretests, posttests, and student questionnaires were administered as a group test in the

classroom. Instructions for answering were given prior to each test, and all the questions

were first read aloud to the students. A projector was also used to display answer choices

on a screen. Students wrote their answers on a scoring sheet. When necessary, the research

assistant or the teacher helped students enter their intended written responses to the open-

ended questions. The pretest and posttest sessions took about 45 min each.
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Results

Can first-grade students learn science while using the MSB?

Within-MSB science understanding

While studying the MSB, students answered a total of 3409 MCQs. The percentage of

correct answers after students’ first attempt was 89.2%. Of the 368 questions answered

incorrectly on the first attempt, 278 (i.e., 81.1%) were answered correctly on the second

attempt. Thus, a total of 3319 of the 3409 questions (97.4%) were answered correctly on

either the students’ first or second attempt. These results indicate that (1) the questions

were generally well aligned with the content taught in the lessons, (2) students were able to

answer most of the questions correctly on their first attempt, and (3) the hints following

incorrect first attempts were effective in scaffolding learning, given that over 80% of the

second attempts were correct.

Pretest and posttest science assessment

To analyze learning effects, 10 questions on taught content and 10 questions on not-taught

content were selected (marked as T and N, respectively, in Table 3 in Appendix 1). We

included only questions that (a) were not at ceiling on the pretest (thus excluding four

questions with[ 85% accuracy), (b) had four answer choices with one unambiguous

correct answer (15 questions excluded), and (c) featured a topic that was explicitly taught

in the MSBs (in the case of questions on taught content). The excluded questions were

originally included to evaluate whether students could reliably answer open-ended ques-

tions, questions with more than four choices, and questions with several possible correct

answers.

Within-subject, repeated-measures analysis of variance (ANOVA) with two levels—the

within-subject factor of measurement (pretest, posttest) and the within-subject factor of

question type (content taught, content not-taught)—was used to assess the effect of the

MSB on the students’ science knowledge. Paired t-tests were used to further analyze

significant interactions.

To study whether the MSB were producing meaningful science learning, we compared

differences in pretest–posttest scores of questions on taught content and not-taught content

(Fig. 4). A significant two-level interaction between measurement and question type, F(1,

60) = 6.87, p = 0.011, gp
2 = 0.103, indicated larger learning gains on questions related to

taught content relative to questions on non-taught content. There was a significant gain

from pretest to posttest on questions related to taught content, t(60) = - 5.54, p\ 0.001,

Cohen’s d = 0.71, but not on questions related to not-taught content, t(60) = - 1.47,

p = 0.148, Cohen’s d = 0.19. Moreover, at pretest, there were no significant differences

between the different type of questions, t(60) = - 1.5, p = 0.127, Cohen’s d = 0.19.

Additionally, there was a significant main effect of measurement, F(1, 60) = 25.28,

p\ 0.001, gp
2 = 0.296, indicating overall higher scores in the posttest relative to the

pretest. The main effect of question type was not significant (F = 0.237).
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Correlations between pretest–posttest learning gains, prior knowledge, and reading
and listening comprehension

Given our small sample size and the insufficient statistical power to use the reading and

listening comprehension measures as covariates, we only examined the strength of the

relationship between reading and listening skills on learning gains through correlation

analysis. We found a significant negative correlation (r = - 0.60) between pretest scores

and learning gains, as indicated in Table 1, suggesting that students with less prior

knowledge of content taught in the MSB learned more than students with more prior

knowledge. While this correlation is partially explained by the students with high prior

knowledge reaching ceiling, a more important aspect is that the students with poor prior

knowledge were also learning with the MSB. Interestingly, the level of reading and the

level of listening comprehension skills were not associated with larger pre-to-posttest

learning gains, which also indicates that basic scholastic skills suffice for learning science

with the MSB. However, the accuracy ratio in the MCQs correlated positively with

standardized listening comprehension (r = 0.42) and reading (r = 0.25), suggesting that

students with better listening comprehension skills made fewer wrong selections when

studying the MSB. Despite this, the second answer choice seemed to guarantee learning

also among students who may have difficulties in listening comprehension.

Fig. 4 Pretest and posttest scores on questions related to taught and non-taught content

Table 1 Correlations between reading skills, listening comprehension skills, learning gain, and prior
knowledge in terms of pretest score on taught matters in Science Assessment

MCQ Reading Listening Gain

Reading 0.251

Listening comprehension 0.42** 0.15

Learning gain - 0.02 - 0.16 0.14

Science assessment 0.15 0.24 - 0.13 - 0.60**

1p = 0.051, * p\ 0.050, ** p\ 0.001
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Are the MSB a useful and feasible educational tool in authentic educational
settings?

Lesson evaluations

Table 2 shows students’ responses to a set of questions immediately after using each MSB.

Overall, 78% of the students reported that they liked the MSB a lot, 77% were eager to

study the next lesson, 56% said they were more excited about science after using the MSB,

and 74% felt the content was easy to learn. Slightly less than half of the students felt they

had learned a lot from the MSB, although most of the students reported that they did not

want to study the lesson a second time. We did not find any substantial or systematic

differences in ratings between the different MSB.

Evaluation of the intervention

Students had a highly positive experience of the science course: 89% considered the MSBs

good, 83% would study these kinds of materials in the future, 91% would study these kinds

of materials at least once a week, 67% preferred to study in the computer class rather than

their classroom, 65% preferred to study the MSBs at school, and 30% preferred to study

these kind of materials at home. Finally, 35% reported liking science more than before, and

60% said they liked science as much as before.

Teacher survey

The teachers were generally impressed with the program based on their students’ eagerness

to study with the MSBs. They stated that their students, including those who had attention

and self-regulation difficulties, performed very well with the MSB. The teachers were

Table 2 Students’ responses to the usability survey data conducted after reading each of the six books

Question % % % Z

1 Could you hear the teacher well? Yes 95.7 Between 3.1 Badly 1.1 - 0.446

2 Did the book work properly? Yes 92.9 Don’t
know

6.8 No 0.3 - 0.637

3 Was the book easy to follow Yes 92.6 Don’t
know

6.6 No 0.9 - 0.232

4 How much did you learn? A lot 43.6 A little 37.9 Not at all 18.5 - 0.631

5 From my opinion the content was Easy 74.4 Just right 23.9 Difficult 1.7 - 0.849

6 From my opinion, the teacher was? Good 79.6 Between 18.1 Not very
good

2.3 - 0.716

7 How much did you like the book? A lot 77.6 Little 19.8 Not at all 2.6 - 1.33

8 Would you read it again? Yes 59.3 Maybe 28.8 No 12.0 - 1.75

9 Are you looking forward to the next
book?

Yes 76.9 Maybe 19.7 No 3.4 - 0.992

10 How excited are you about science? More 56.0 Same 41.4 Less 2.6 - 0.446

The rightmost column shows the Wilcoxon rank test value for comparing answer distributions between the
face-on and face-off versions of the books
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interested in the content and the pedagogical strategies of the MSB, the degree to which the

content encouraged students to think independently, and whether the MSB were effective

in emphasizing the most important things to learn. They stressed that any software should

be easy for students to use if the teachers are to ask their students to use it independently.

They expressed a need for scientific evidence of the beneficial effects of educational

softwares in the early elementary grades.

How does the visual presence of an animated virtual tutor affect student
learning and/or enjoyment of the program in comparison to just hearing
the agent’s voice?

To study the effect of the visual presence of the virtual tutor on learning, a paired t test was

used to compare learning gains in the science assessment between the face-on and face-off

versions of the MSB, as well as MSB MCQ accuracies. There was no difference in pretest–

posttest learning gains on questions related to taught content produced by the MSB in the

face-on (M = 0.90, SD = 1.40) and face-off versions (M = 0.74, SD = 1.81),

t(60) = - 0.567, p = 0.573, Cohen’s d = 0.07. Furthermore, there was no difference in

the mean accuracy proportions of responding MSB MCQ questions between the face-on

(M = 0.896, SD = 0.09) and face-off versions (M = 0.889, SD = 0.11), t(60) = 0.639,

p = 0.525, Cohen’s d = 0.08.

A non-parametric paired-sample Wilcoxon test was used to compare students’ responses

to lesson evaluation questions after studying the face-on and face-off versions. The results

of the Wilcoxon rank test on responses to lesson evaluation questions did not differ

between the face-on and face-off versions (rightmost column of Table 2).

We also used a binomial test to examine whether students preferred to use the face-on or

face-off versions of the MSBs. This preference was measured by the question ‘‘Which

version of the MSBs do you prefer?’’ [i.e., the one with the Talking Head, or the one

without the Talking Head] in the Evaluation of the Intervention—query (Appendix 3).

Twenty-six students chose the face-on option, and 34 students chose the face-off option.

Binomial testing indicated that the responses were distributed equally between the two

categories (p = 0.366).

What design features might have affected students’ knowledge acquisition?

To identify the questions where learning did or did not occur, we ran a one-way non-

parametric paired-sample Wilcoxon test for pretest versus posttest responses to each

question (Table 3 in Appendix 1). To identify the students’ common misconceptions

especially in questions where learning did not occur, the frequencies of the most common

errors for each question were derived from log files, and are being provided in Tables 3 and

4 in Appendices 1 and 2. The last columns of the appendices contain our possible inter-

pretation of why some questions were answered incorrectly.

Some errors may represent perceptual confusions. For example, one posttest question

asked the students to choose the animal that has scales. Several students answered ‘‘frog’’

instead of ‘‘fish.’’ The frog had coloring resembling large scales, which may have misled

some students.

Some errors were exceptions to a rule. For example, about 19% of students answered

that animals get water ‘‘by eating’’ instead of ‘‘by drinking.’’ This confusion was probably

due to the lesson explicitly teaching that some animals get water from the food they eat.
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Some errors may reflect deeper challenges in learning. The pretest and posttest ques-

tions about the lesson ‘‘The Life Cycle of a Butterfly’’, which presented each phase of the

life cycle of a butterfly (from egg to caterpillar to chrysalis to adult), were challenging for

many first graders. They answered the related posttest questions with a mean accuracy of

41%.

Facts that contradicted prior conceptions also led to errors. For example, students

believed that people have smooth skin, even though the lesson ‘‘How Are Animals Cov-

ered?’’ explained that humans are covered with hair, which is the same as fur. While the

lesson taught that frogs have smooth skin without hair, when the students were asked

which animal has smooth skin, 34% chose the picture of a human arm (with some hair on

it) rather than the picture of a frog.

Students seemed to have difficulties in learning certain dynamic concepts (i.e., crawling

and slithering) from looking at pictures of lizards (which crawl) and snakes (which slither).

Discussion

Did first-grade students learn science through the virtual tutor system?

The 89% accuracy in answering the MCQs presented while studying the MSBs indicates

that students comprehended well what was presented and were able to reason about science

concepts using the vocabulary terms that appeared in the narrated multimedia presenta-

tions. After a second attempt, the accuracy approached ceiling (97%), showing that the

hints provided after incorrect answers successfully corrected the young students’ mis-

conceptions (Black and Wiliam 1998; Kintsch 2005; Yoshida 2008).

The significant learning gains from the pretest to posttest on questions related to the

topics that were taught in the MSBs expanded the initial learning to meaningful and long-

term science learning; this result is consistent with those found among older students

(Dalacosta et al. 2009; Gardner et al. 1992). Moreover, the fact that no learning occurred in

questions on non-taught, age-appropriate science content provides further evidence that

learning was not due to external factors such as repeated science assessment with the same

items, which may induce learning in some cases.

Perhaps the most encouraging findings from this study were that students (1) with the

lowest prior science knowledge showed learning gains in science assessment from pretest

to posttest, and (2) that students’ academic reading and listening comprehension skills did

not correlate with these learning gains. These findings are in line with our previous

research on older, third- to fifth-grade students’ spoken dialogues with a virtual tutor,

which demonstrated that the greatest learning gains were from students who scored the

lowest on the pretests (Ward et al. 2013).

Altogether, these results are among the first to demonstrate the applicability of

specifically designed virtual tutoring systems for teaching science in the earliest grades.

Based on these findings, it is reasonable to assume that even young children can study

independently with virtual tutors, and that educators can safely expect even students with

poor academic skills to acquire a meaningful understanding of science. However, this may

be true only if the virtual tutoring system is designed to sensitively address the needs of

young learners—a conclusion that will be further supported by the detailed analysis of

student responses discussed later on.
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Was the MSB a useful and feasible educational tool in authentic educational
settings?

Both students’ self-reports and teachers’ observations suggest that students’ engagement

was high while they were studying with the MSB. The student query answers indicated that

the students liked the MSBs, felt they learned a lot, considered the content easy to learn,

and wanted to study the MSBs often. The student query answers also showed that the

MSBs increased the students’ enthusiasm toward science. These results are in line with our

assumption that highly structured lessons are well received by young children. Presumably,

this is because highly structured lessons minimize the need to self-regulate the learning

(Dignath and Büttner 2008), allowing the user to focus fully on the actual science content.

In fact, some of the students appreciated the possibility of studying the MSBs without

interruptions and with their headphones on, suggesting that young children enjoyed the

independent working sessions—an observation also made by teachers.

The teachers appreciated the simple and easy-to-use interface of the program, and they

mentioned that students with attention and self-regulation difficulties seemed to remain

engaged while using the MSB. Teachers also expressed the need for scientific evidence on

the efficiency of the MSBs in teaching science, and they were concerned about the ped-

agogical quality of the system. These are important aspects for any education technology

that aims to be popular and effective. Thus, the virtual tutors are effective in teaching

science, and they appear to be well received by students and teachers in the early grades.

Future work is needed to study how best to integrate such independent study sessions

into classroom teaching. Given the promising learning and usability results, the MSB may

serve as a tool for practicing independent studying while equipping all students, irre-

spective of their academic skills, with basic knowledge on a specific topic, which can then

be elaborated in more collaborative learning settings. This may encourage students with

poorer academic skills to participate in discussions about science.

How did the presence of an animated virtual tutor affect students’ learning
and/or enjoyment of the program in comparison to just hearing the tutor’s
voice?

Seeing the virtual tutor on screen (face and voice) did not produce larger learning gains

than listening to the tutor’s voice without her face on screen. While students provided

positive feedback about the tutor, their views were split down the middle on whether they

preferred that the tutor be visible. Four students reported that they did not like having the

tutor on screen. This is in accordance with earlier studies suggesting that although virtual

tutors are generally well received, some individuals do not like them (Gulz 2004;

Schroeder and Adesope 2014). Future studies could provide students with the option of

having the tutor on screen at any time within the application. We may learn, for example,

that a significant proportion of students choose to remove the tutor’s face during narrated

science explanations but choose to have her face visible when answering MCQs.

What design features might have affected students’ knowledge acquisition?

The error analysis suggested that in addition to common misconceptions, young students

made errors due to perceptual confusions (Kameenui and Carnine 1998), exceptions to a

rule, or the lack of an explicit rule on how to solve the science problems at hand.
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The perceptual confusions are understandable given the young students’ limited world

knowledge. The lesson designers may want to either replace such challenging materials or

address them in an intriguing way, thus providing opportunities for surprising and edu-

cational wrong answers. For example, the following prompt can be used when a student

erroneously selects a frog instead of a fish as an animal covered with scales:

It’s great that you selected a frog instead of a human or a bear. Remember that frogs

have smooth skin, not scales, which are interlocked pieces of covering. You are right

in the sense that this particular frog has coloring resembling very large scales. Can

you come up with a picture of an animal with real scales?

Perhaps the most compelling example of prior conceptions influencing an answer choice

was the question ‘‘Which animal has smooth skin?’’ Over a third of the students chose the

human arm with hair on it even though the science presentation showed humans with hair

on their bodies. It is likely that students (and many adults) believe that people have smooth

skin (despite having hair on their skin), a belief that is reinforced by media advertisements

for products that promote and show people with smooth skin. Such prior knowledge may

be taken into account in the actual lessons:

You probably think that you have smooth skin. But if you would look at your hand

through a magnifying glass, you would see small hairs growing all over. That’s why

we say that humans have hair. If you would look at a frog’s skin, you wouldn’t see

even the tiniest hair. In science, we say that frogs have smooth skin and that humans

have hair.

Elementary life science tends to teach the similarities and differences between animals

(e.g., their skin coverings, ways of moving, life cycles, and unique characteristics) using

simple examples, as was often the case in our multimedia lessons. Our error analysis

suggested that providing an underlying principle whenever possible would be highly

recommended. For example, students did not learn to differentiate very well crawling and

walking, which were taught by representative examples. Instead, they learned to reliably

identify insects from other creatures based on the number of body parts, the number of

legs, and the presence of antennae.

Although the MSB were constructed based on extensive scientific knowledge on the

effective means to teach science to small children through multimedia, the error analysis

revealed several places for development. Some of the issues identified were almost

impossible to foresee, such as the perceptual confusions. Therefore, future designers may

need to engage in iterative development cycles for the multimedia presentations, in which

the process of error analysis of the student responses, like the one presented here, seems to

be crucial.

Limitations

This study did not include a control group because we were more interested in learning

whether integrating MSB into classroom science instruction was feasible, whether the

system could fully engage students, whether the system could increase students’ interest in

or excitement about science, and whether students learned the content that the lessons were

designed to teach them. While the present study demonstrated that virtual tutors can teach

meaningful science understanding in an engaging way to first-grade students, it did not

compare the efficiency of virtual tutors as a teaching method with other possible methods

such as typical classroom instruction. Thus, a clear next step is to improve the existing
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multimedia lessons, as discussed above, and conduct a study comparing students in

treatment and control conditions to learn whether students who use the MSB as a sup-

plement to classroom instruction improve their science learning and become more moti-

vated to study science in the future.

Conclusion

In this study,we explored the initial promise of a virtual tutoring system, theMSB, in engaging

Finnish first-grade students in science learning.Results indicate that learners in the first year of

school were already highly engaged and motivated by the program. They were consistently

focused and ‘‘on task’’ while studying with MSBs, and the majority of students reported that

they enjoyed the course andweremore excited about science after it. Students answered about

89% of all questions correctly at the first attempt and answered 97% of the questions correctly

at the second attempt, which was preceded by a hint. The pretest and posttest science

assessment questions indicated significant learning gains on the taught material relative to

learning gains on the not-taught content. Finally, these results did not differ regardless of

whether the virtual tutor’s face was on or off screen when the tutor was speaking.

This study provides initial evidence that a sequence of narrated science explanations,

followed by formative assessments that enable students to master core science concepts

and vocabulary, can enhance students’ learning and provide teachers with useful tools for

increasing their students’ interest in science, stimulating reasoning about science, and

increasing their science knowledge. Further research needs to be conducted to examine the

efficacy of the MSB in affecting learning compared with business-as-usual instruction.
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Appendix 2

See Table 4.

Table 4 Children’s MSBs MCQ error analysis

Book Summary MCQ
accuracy

Most frequent errors Possible explanation for
errors

1. Five
senses

Vision, hearing, touch,
taste and smell were
introduced with photo
examples

96% –

2. How
animals
move?

Walking, crawling,
slithering, flying and
swimming were
introduced including
short descriptions of
which body parts or
limbs the animal uses
for moving

90% For the question ‘‘How
do animals move?’’ the
correct answer was ‘‘In
many ways’’, while
11/62 answered
‘‘Animals walk and
run’’, 10/62 answered
‘‘Animals use foot for
moving’’ and 6/62
selected ‘‘Animals fly
in the air’’

These wrong answers are
valid on their own if not
taking account all
choices, while the
correct answer is a bit
vague

3. What
animals
need?

Covered basic needs for
water, food, oxygen,
shelter and sleeping

89% For the question ‘‘How
do land animals get
water?’’ the correct
answer was ‘‘By
drinking’’, while 12/62
answered ‘‘By eating’’

It was taught that animals
get also some water
from food

For the question ‘‘What
all animals need?’’ the
correct answer was
‘‘All animals need
space’’, while 10/62
selected ‘‘All animals
must live outside’’

Some children may have
understood that space
equals with living
outside—animals living
indoor were not
covered in the book

For the question ‘‘What
need this picture shows
(a gecko having a
dragonfly in its
mouth)?’’ the correct
answer was ‘‘Need for
food’’, while 8/62
selected ‘‘Need for
oxygen’’

These children may have
understood that the
dragonfly is dying due
to lack of oxygen

4. How
animals
are
covered?

Introduced fur (hair for
humans), feathers, wet
and dry scales, and
amphibians pale skin

96% For the question ‘‘Why
are animals covered?’’
the correct answer was
‘‘For shield’’, while
8/62 answered for ‘‘For
locomotion’’ and 5/62
for ‘‘For hydration’’

These answers are valid
exceptions taught in the
book

J. Hautala et al.

123



Appendix 3

Intervention assessment questionnaire

1. In my opinion, the computer books were: (Good, Between, Bad).

2. If you could choose, would you continue in reading the computer books in future?

(Yes, No).

3. How often would you prefer to read these books? (More often, As now, Less often)

4. Which version of the books you prefer? (Talking head, No talking head)

5. Which way of studying you prefer? (In classroom, By computer)

6. Would you prefer to read the computer books: (At school, At home)

7. How excited are you about environmental science? (Less than previously, Same as

previously, More than previously)

Table 4 continued

Book Summary MCQ
accuracy

Most frequent errors Possible explanation for
errors

5. What is
an
insect?

This book was more
specific than the
previous ones, teaching
that insects always have
three pairs of legs, and
three bodyparts (head,
thorax and abdomen
with their main
functions) and antennae

85% For the question ‘‘What
are insect’s three main
body parts?’’ the correct
answer was ‘‘Head,
thorax, abdomen’’
while 6/62 chose
‘‘Thorax, foot, and
abdomen’’ or ‘‘Eyes,
antenna, mouth’’, and
5/62 chose ‘‘Head,
abdomen, antenna’’

Speculatively, this
question was posed
immediately after
listing the main body
parts, which potentially
was insufficient to
induce learning in some
children

For the question ‘‘What
organs all insects have
in their head?’’ the
correct answer was
‘‘Antenna, eyes, and
jaws’’, while 6/62
answered ‘‘Eyes, foot,
wings’’

This error is surprising as
the alternative ‘‘Eyes,
foot, wings’’ should
have been the easiest
one to rule out, due to
containing two parts not
attached to head

For the question ‘‘which
body part is mainly for
digestion’’ the correct
answer was
‘‘Abdomen’’, while
6/62 answered
‘‘Thorax’’

In humans the digestion
is located at the center
of the body

6. Life
cycle of
a
butterfly

Taught thoroughly egg,
caterpillar, chrysalis
and adult life cycles of
a butterfly. The content
of this book was more
abstract by nature than
the content of the other
books

88% In 7 out of 11 questions
there was an erroneous
alternative deriving 5 or
more selections

These error responses
seem to reflect the
general difficulty of the
book, instead of
specific content of the
lessons or MCQs
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8. What did you like the most in the computer books?

9. What did you like the least in the computer books?

Teacher survey

1. According to your experiences, how useful MSB type of educational technology is in

early education context?

2. How would you improve the educational value of such technology?

3. Is educational technology merely a burden, or more like a promise from the viewpoint

of a teacher?

4. How would you evaluate the usability of the MSB for the children?

5. According to your perceptions, how much did children like the MSB?

6. In which setting you would prefer to use this kind of technology (e.g. in your

classroom or in computer classroom)?

7. Other observations, notes and ideas for development?

References

Adair, J. G., Sharpe, D., & Huynh, C. L. (1989). Hawthorne control procedures in educational experiments:
A reconsideration of their use and effectiveness. Review of Educational Research, 59(2), 215–228.

Adesope, O. O., & Nesbit, J. C. (2012). Verbal redundancy in multimedia learning environments: A meta-
analysis. Journal of Educational Psychology, 104, 250–263. https://doi.org/10.1037/a0026147.

Black, P., & Wiliam, P. (1998). Assessment and classroom learning. Assessment in Education: Principles
Policy and Practice, 5(1), 7–73.

Cole, R., Wise, B., & Van Vuuren, S. (2007). How Marni teaches students to read. Educational Technology,
47(1), 14.

Craig, S., Gholson, B., Ventura, M., & Graesser, A. (2000). The tutoring research group: Overhearing
dialogues and monologues in virtual tutoring sessions. International Journal of Artificial Intelligence
in Education, 11, 242–253.

Dalacosta, K., Kamariotaki-Paparrigopoulou, M., Palyvos, J. A., & Spyrellis, N. (2009). Multimedia
application with animated cartoons for teaching science in elementary education. Computers &
Education, 52(4), 741–748.
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